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. -  I 

SUMMARY 

Expanded magnesium was t o  be s u p e r i o r  t o  p e r f o r a t e d  
magnesium i n  AlC13-MgC12/ACL-8 tes ts .  

The e f f e c t  of' t he  atmosphere on t h e  a c t i v e  c h l o r i n e  c o n t e n t  
o f  t h e  c a t h o d e  was found t o  b e  minor up t o  72 hour s  exposure .  
However, as much as 1 0 %  a c t i v e  c h l o r i n e  l o s s  w a s  no ted  d u r i n g  t he  
normal  3-4 minute  d e l a y  between c e l l  a c t i v a t i o n  and l o a d  a p p l i c a -  
t i o n .  L i th ium h y p o c h l o r i t e  was found t o  be t o o  s o l u b l e  i n  aqueous 
s o l u t i o n  f o r  u s e  as a d e p o l a f i z e r .  S e l f - d i s c h a r g e  occur red .  

e 

b 
The e f f e c t  o f  a l a r g e  number of v a r i a b l e s  on nonaqueous ACL 

d i s c h a r g e  c h a r a c t e r i s t i c s  was de termined .  The a d d i t i o n  of  p r o t o n  
donors  t o  t h e  ca thode  mix w a s  i n e f f e c t i v e .  Attempts  t o  p re -  
o x i d i z e  the  a c e t y l e n e  b l a c k  w i t h  ACL-85 and molecu la r  c h l o r i n e  
were u n s u c c e s s f u l .  Conduct ing a d d i t i v e s  were i n t r o d u c e d  i n t o  t h e  
c a t h o d e  mix. It was found t h a t  a c e t y l e n e  b l a c k  can  be p a r t i a l l y  
r e p l a c e d  by g r a p h i t e .  T h i s  should r educe  t h e  f i n a l  s y s t e m  e l e c t r o -  
l y t e  r e q u i r e m e n t s .  M e t a l l i c  a d d i t i v e s  were n o t  e f f e c t i v e .  E l e c t r o -  
l y t e  a g i n g  was found to s e v e r e l y  a f f e c t  ACL-70 decomposi t ion  i n  
nonaqueous s o l u t i o n .  

The Li/LiClOq(MF)/CuF2 s y s t e m  showed v o l t a g e  and c a t h o d e  
e f f i c i e n c i e s  approach ing  3 . 0  v o l t s  and 70% r e s p e c t i v e l y ,  a t  0 .05  
amp/in. e M e t a l l i c  a d d i t i v e s ,  which might have made copper  
d e p o s i t i o n  more r e v e r s i b l e ,  d i d  n o t  improve the  performance of  t h e  
s y s t e m .  

The L?se cf lixl,ite:! amsunts cf electrslyte ir: s t a t i c ,  2s2- 
aqueous t e s t s  improved t h e  cathode e f f i c i e n c i e s  i n  t h e  Li/ACL-70 
c e l l .  T h i s  i s  a t t r i b u t e d  to a d e c r e a s e  i n  ACL-70 s o l u b i l i t y  and 
t h e  r e s u l t i n g  r e d u c t i o n  of s e l f - d i s c h a r g e  e f f e c t s .  

S h o r t  l e n g t h s  ( 4  f t )  o f  ACL-85 t a p e  c a t h o d e s  were p r e p a r e d  
and e v a l u a t e d  dynamica l ly .  Problems were encoun te red  w i t h  t a p e  
wet-out and a d h e s i o n  to the  c u r r e n t  c o l l e c t o r .  S e v e r a l  mod i f i ed  
c u r r e n t  c o l l e c t o r s  were des igned  and f a b r i c a t e d  i n  o r d e r  t o  improve 
t a p e  d i s c h a r g e  c h a r a c t e r i s t i c s .  
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I. INTRODUCTION 

E a r l y  i n  t h i s  c o n t r a c t ,  a new aqueous t a p e  coup le ,  based on 

S t a t i c  c e l l s  o p e r a t e d  r o u t d n e l y  a t  2.4 v o l t s  
magnesium a n d  t r i c h l o r o t r i a z i n e t r i o n e  (ACL-85 ) i n  a c i d i c  e l e c t r o -  
l y t e ,  was d e v e l  ped. 

e r r a t i c .  Energy d e n s i t i e s  i n  excess  of 300 watt-hr / lb  of t a p e  
sys tem ( e x c l u d i n g  e l e c t r o l y t e )  were o b t a i n e d .  The v a r i a t i o n s  i n  
c a t h o d e  e f f i c i e n c i e s  were t r a c e d  t o  the u s e  of  a n  a c i d i c  e l e c t r o -  
l y t e ,  a n e c e s s i t y  f o r  h i g h  c u r r e n t  d e n s i t i e s .  A t  low pH, c h l o r i n e  
e v o l u t i o n  occur red  r e d u c i n g  t h e  available a c t . l v e  c h l e r i n e  c m t e n t  . 
A change t o  a d i f f e r e n t  a c i d i c  e l e c t r o l y t e  he lped ,  bu t  d i d  no t  
comple t e ly  r e s o l v e  t h i s  problem. It H a s  de te rmined  that  ca thode  
decomposi t ion  could  be  avoided  i f  n e u t r a l  e l e c t r o l y t e s  were used .  
I n  a d d i t i o n , a n o d e  g a s s i n g  was reduced .  Lower c u r r e n t  d e n s i t i e s ,  
however, were n e c e s s a r y  w i t h  t he  n e u t r a l  sys t em because  of  con- 

2 c e n t r a t i o n  p o l a r i z a t i o n  e f f e c t s .  S i x t y  t o  seven ty  per  c e n t  
c a t h o d e  e f f i c i e n c & e s  were obtadned a t  2 .0  v o l t s  and 0.05 amp/in. . 

and 0.5 amp/in. 9 . Cathode e f f i c i e n c i e s  were h i g h  (70-80%) bu t  

Li th ium and magnesium anodes were tes ted f o r  c o m p a t i b i l i t y  
w i t h  numerous nonaqueous e l e c t r o l y t e  sys t ems .  A s  a r e s u l t ,  t h e  
l i t h i u m  work was emphasized. It  was de termined  t ha t  on ly  one 
c h l o r i n e  atom was b e i n g  u t i l i z e d  when ACL a c t i v e  c h l o r i n e  compounds 
were used  as nonaqueous o x i d i z i n g  a g e n t s .  

Emphasis d u r i n g  t h e  t h i r d  q u a r t e r  w a s  p l a c e d  on nonaqueous 
ca thode  r e s e a r c h ,  l i m i t e d  e l e c t r o l y t e  s t u d i e s ,  aqueous t a p e  
p r e p a r a t i o n ,  and dynamic t e s t  a p p a r a t u s  m o d i f i c a t i o n .  

1 
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. .  

11. H I G H  ENERGY COUPLE RESEARCH 

A. AQ1JEnUr.c ANODE RESEARCH 

Resea rch  i n  t h i s  area was l i m i t e d  t h i s  q u a r t e r  t o  t h e  de te rmin-  
a t i o n  o f  which t y p e  of magnesium ( p e r f o r a t e d  o r  expanded) performed 
b e t t e r  i n  a c i d i c  e l e c t r o l y t e  t e s t s .  These two t y p e s  o f  agnesium 

c a t h o d e s  i n  AlC13-MgC12 e l e c t r o l y t e .  The tes ts  were c a r r i e d  
o u t  u s i n g  b o t h  t h e  normal s t a t i c  t e s t  c e l l ,  and t h e  dynamic 
a p p a r a t u s  ( w i t h o u t  t a p e  movement). The d i s c h a r g e  c h a r a c t e r i s t i c s  
are shown i n  F i g u r e  1. 

were d i s c h a r g e d  s t a t i c a l l y  a g a i n s t  machine-made. ACL-85 (8 

I n  b o t h  t e s t  c e l l s ,  t h e  expanded magnesium was s u p e r i o r  
t o  p e r f o r a t e d  magnesium. T h i s  i n d i c a t e s  t ha t  g a s  p o l a r i z a t i o n  
i s  an  i m p o r t a n t  f a c t o r .  We expec t  t h a t  as b e t t e r  c a t h o d e s  are 
p r e p a r e d ,  less  e l e c t r o l y t e  w i l l  be r e q u i r e d ,  t he re  w i l l  be 
l e s s  g a s  p o l a r i z a t i o n ,  and b e t t e r  v o l t a g e s  w i l l  be o b t a i n e d .  

B.  AQUEOUS CATHODE RESEARCH 

1. Acid P r e t r e a t m e n t  of  Acetylene Black  Conductor 

p r i o r  t o  ca thode  f o r m u l a t i o n  c u t s  down ACL-85 a c t i v i t y  l o s s  
d u r i n g  p r o c e s s i n g  b u t  does  n o t  e l i m i n a t e  i t .  These l o s s e s  can 
b e  h e l d  t o  about  seven  p e r  c e n t .  

It has been shown that d r y i n g  t h e  a c e t y l e n e  b l a c k  conduc to r  

A n i t r i c  a c i d  p r e t r e a t m e n t  o f  a c e t y l e n e  b l a c k  was t r i e d  t o  
c l e a n  t h e  s u r f a c e  and a l s o  t o  improve e l e c t r o l y t e  wet-out.  The 
t / iVCrLUUle --in n n A7 7 n c o f i s i ~ t e d  o f  a n i t r i c  acid wash, 2 water wa~i-i, aiid 
a c e t o n e  r i n s e  fo l lowed  by vacuum d r y i n g  a t  2 O O O C  f o r  18  hour s .  No 
s i g n i f i c a n t  improvements i n  e l e c t r i c a l  performance o r  e l e c t r o l y t e  
wet-out p r o p e r t i e s  were observed .  

2 .  E f f e c t  o f  Aging i n  Ambient Atmosphere on A c t i v i t y  R e t e n t i o n  
o f  ACL-85 Tape Cathodes 

I f  abso rbed  water on a c e t y l e n e  b l a c k  i s  a n  a c t i v a t e d  
h y d r o l y s i s  a g e n t  f o r  ACL-85, t hen  a tmosphe r i c  m o i s t u r e  absorbed  
a f t e r  t a p e  p r o c e s s i n g  may a l s o  b e  d e t r i m e n t a l .  
e f f e c t  o f  a i r  a g i n g  on a c t i v i t y  r e t e n t i o n  o f  ACL-85 ( 6 5  wt-%) 
t a p e  c a t h o d e s  i n d i c a t e d  some a c t i v i t y  l o s s  a f t e r  72  h o u r s '  
exposure  t o  t h e  a tmosphere .  R e s u l t s  are summarized i n  T a b l e  1. 

A s t u d y  o f  t h e  

3. Chemical Losses  During A c t i v a t i o n  

The e f f e c t  on e l e c t r o c h e m i c a l  performance o f  d e c r e a s i n g  t h e  
t i m e  l a p s e  between a c t i v a t i o n  and l o a d  a p p l i c a t i o n  was e v a l u a t e d .  
Conven t iona l  s t a t i c  c e l l  t e s t  t e c h n i q u e s  i n v o l v e  w e t t i n g  o u t  t h e  
c e l l  b e f o r e  e n c l o s i n g  i t  i n  t h e  c e l l  h o l d e r .  Comparisons were 
made i n  which t a p e s  were wet-out a f t e r  e n c l o s u r e  i n  t h e  c e l l ,  

2 
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Table 1 

EFFECT OF SHORT TERM AGING ON ACTIVITY RETENTION OF ACL-85 
TAPE CATHODES 

Aging Time, 
hr 

4 

22 

72 

96 

Fer cent Original Cathode Efficiency" 
Activity Retained on Discharge 

93,93 69,69 

92,94,93 69,77,74 

90,89,87 69,62,58 

86,90 73,67 

* Based on analyzed ACL-85 content j u s t  prior to discharge. 

Table 2 

THE EFFECT OF TIME LAPSE BETWEEN ACTIVATION AND LOAD 
APPLICATION ON ACL-85 ACTIVITY RETENTION 

Experimental CzI?ditio.s : Czthcee-65 !.!tgl: ACL-85, Anode-primary Mg 
Electrolyte-1.5M AlC13-0.5M MgC12 
Cell area- 3 inches2 
Current-1.5 amperes 

Capac it y 
Cell No. When Ac$ivated amp-min. Cathode Efficiency 

804502-1 Before enclosing 

804502-3 After enclosing 

22 68 

19 77 

4 
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s a v i n g  s e v e r a l  minu te s  i n  e l e c t r o l y t e  c o n t a c t  t i m e .  
s u l t  i s  shown i n  Table 2 f o r  t w o  similar c e l l s  p repa red  from t h e  
same ca thode  b a t c h .  

A t y p i c a l  re- 

From t h e s e  expe r imen t s  i t  would appea r  t ha t  some 1 0 %  chemica l  
l o s s  i s  i n c u r r e d  by a 3-4 minute d e l a y  between a c t i v a t i o n  and l o a d  
a p p l i c a t i o n .  
t e s t i n g  should  r e s u l t  i n  h i g h e r  e f f i c l e n c i e s .  

4 .  

T h i s  would t e n d  t o  s u p p o r t  t h e  s u p p o s i t i o n  t h a t  dynamic 

A d d i t i o n  o f  L i C l O 4  t o  E l e c t r o l y t e  t o  Promote W e t t i n g  

Smal l  amounts o f  a 2 M  l i t h i u m  p e r c h l o r a t e  s o l u t i o n  were added 
to t h e  a l u m l f i u m  chlsride-magnesii.iii  c h l o r i d e  mixed e l e c t r o l y t e s  i n  a n  
e f f o r t  t o  promote w e t t i n g .  
o v e r a l l  performance was unchanged. (Table  3 ) .  

Some w e t  o u t  improvement was no ted ,  b u t  

5. I n o r g a n i c  F i b e r s  as a Cathode R e i n f o r c i n g  F i l l e r  

A s i l i c a - a l u m i n a  f i b e r  ( F i b e r f r a x  @ -Carborundum) , w a s  found 
t o  b e  a s u i t a b l e  ca thode  mix r e i n f o r c i n g  a g e n t .  Resu l t s -  are shown 
i n  T a b l e  4 .  

A t  h i g h  c u r r e n t  drains,  v o l t a g e s  and e f f i c i e n c i e s  are some- 
what low, presumably owing t o  t h e  nonconduct ing  p r o p e r t i e s  o f  t h e  
ceramic  f i b e r .  A t  l o w  c u r r e n t  d r a i n s  ( i n  n e u t r a l  e l e c t r o l y t e )  
per formance  i s  good. 

6 .  L i th ium H y p o c h l o r i t e  D e p o l a r i z e r  

A sample o f  L i O C l  was r e c e i v e d  from Foo te  Minera l  Company. 
The a s s a y  was 72% L i O C 1 ,  22% N a C 1 ,  and 2.8% H7O. S i n c e  L i O C l  h a s  
a coulombic c a p a c i t y  of  54 amp-min/g, i t  i s  of c o n s i d e r a b l e  i n t e r e s t  
i n  b o t h  aqueous and non-aqueous r e s e a r c h .  Althnugh t h i s  material  
i s  s o l u b l e  i n  water, 80% of t h e  a c t i v e  c h l o r i n e  remained i n  t h e  
s o l u t i o n  f i v e  minu tes  a f t e r  t h e  s a l t  w a s  d i s s o l v e d .  

Tapes were p r e p a r e d  w i t h  compos i t ions  similar t o  s t a n d a r d  
ACL-85 t a p e s .  
l y t e s .  
s o l u t i o n  was 2.5 v o l t s .  
and o n l y  1 . 0  amp-min cou ld  be o b t a i n e d  above 1 . 5  v o l t s  i n  e i t h e r  
e l e c t r o l y t e .  The t o t a l  c a p a c i t i e s  o f  the  t a p e s  were approx ima te ly  
20 amp-minutes. 

These were tes ted i n  A l C l  oMgC12 and(MgC104)2electro- 
Open c i r c u i t  p o t e n t i a l  i n  a c i d  w i s  2 .7  v o l t s ,  and i n  n e u t r a l  

I n  bo th  c a s e s  t h e  ca thode  p o l a r i z e d  r a p i d l y  

C .  NONAQUEOUS ANODE RESEARCH 

1, Li th ium 

l i t h i u m  r i b b o n  anodes were s t u d i e d  t h i s  q u a r t e r .  A methanol- 
benzene wash fo l lowed by a benzene r i n s e  w a s  sygges t ed  by the Foote  
Mine ra l  Company. T h i s  methdd proved i n f e r i o r  t o  t h e  methanol, wash 
and s c r a p i n g  p rocedure  t ha t  i s  c u r r e n t l y  used .  A methanol  

S e v e r a l  methods for removing s u r f a c e  con tamina t ion  from 

':h and e t h y l  e ther  r l n s e  was t h e  b e s t  c l e a n i n g  method 
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Table 3 

Mg/AlC130MgC1-LiC104/ACL-85 TAPE CELLS DISCHARGED AT 9.67 amp/in. 2 

Cell Cathode Efficiency (1.5 V.cuttbff)% 

Standard (No LiC104) 62, 70 

LiC104 Added 70, 59, 50, 76 

Table 4 

DISCHARGE OF ACL-85 TAPE CATHODES CONTAINING SILICA-ALUMINA 
FIBROUS REINFORCEMENT 

Cathode Formulation: 65 w t - X  ACL-8 30% Acetylene black, 
5% Fiberfrax & 

Anode: Primary magnesium 

Cell: 3 in.' area with 4-mil dyne1 separator 

Ave . Cathode 
Capacity Current Voltage, Efficiency 
amp-min. amp Electrolyte volts % 

80488-2 1 8  0.15 2M MgBr2 

80488-3 16 0.15 2M MgC12 

2.10 63 

2.10 70 

80488-4 31 2.00 2M AlC13.0.5M HC1 2.30 57 

80488-5 38 2.00 1.5M A1Cl3*0.5M MgC12 2.20 63 

6 



d i s c o v e r e d .  We have delayed t h e  u s e  o f  t h i s  p rocedure  u n t i l  
a d d i t i o n a l  d r y  box f a c i l i t i e s  are a v a i l a b l e .  

L 7 . Lithium-Magnesium Ai ioy  

The  u s e  of l i t h i u m  a l l o y  anodes might a l l o w  the  u s e  of 
advantageous  e l e c t r o l y t e  combina t ions  tha t  are i n c o m p a t i b l e  w i t h  
l i t h i u m  metal a l o n e .  

A magnesium-lithium a l l o y  (LA141A) w a s  o b t a i n e d  from Brooks 
and P e r k i n s ,  I n c .  
The material w a s  tes ted v e r s u s  ACL-85 i n  A N 1 3  ( 1 M  i n  a c e t o n i t r i l e ) .  
A cnmyariscn t e s t  w i t h  priiiiaiiy magnesium snowed no improvement 
f o r  t h e  a l l o y  material  (see F igure  2 ) .  

D .  NONAQUEOUS CATHODE RESEARCH 

T h i s  material has a 1 : 2  atom r a t i o  o f  Li/Mg. 

1. E f f e c t  of  Variables on ACL Discharge C h a r a c t e r i s t i c s  

a .  E f f e c t  o f  Acid 

Because o f  t h e  b e n e f i c i a l  e f f e c t  o f  a c i d  i n  ACL-85 aqueous 
d i s c h a r g e s ,  a t t e m p t s  were made t o  i n c l u d e  p r o t o n  donors  and L e w i s  
a c i d s  i n  t h e  nonaqueous tapes.  An acid-washed ca rbon  w a s  used  
i n  a tape w i t h  LiC104(MF) .  The carbon was p r e p a r e d  by washing 
Shawinigan a c e t y l e n e  b l a c k  i n  aqueous H C 1 .  It i s  known tha t  
t h i s  t r e a t m e n t  changes t h e  w e t t i n g  p r o p e r t i e s  o f  ca rbon ,  and 
presumably H C 1  i s  adso rbed .  S ince  t h e  d i s c h a r g e  data showed a 
d e l e t e r i o u s  e f f e c t  for t h i s  carbon,  no a c i d  number was de te rmined  
( C e l l  No. 81347 v s  81337) .  P e r t i n e n t  d i s c h a r g e  data are compiled 
i n  T a b l e  A-1 .  

Another  ACL-85 ca thode  t a p e  was d ischarged  i n  m e t h y l  
formate  w i t h  a morpholinium hexaf luorophosphate  e l e c t r o l y t e .  
T h i s  e l e c t r o l y t e  i s  known to be a c c e p t a b l e  w i t h  l i t h i u m  anodes ,  
and t h e  amine hydrogen would b e  a weak p r o t o n  donor  ( s u c h  as  i n  
t h e  NH4 + i o n ) .  Again t he re  was no improvement i n  d i s c h a r g e  
o v e r  t ha t  of t h e  LiC104(MF)  system ( C e l l  No. 81351) .  

An AlC13-LiC1 e l e c t r o l y t e  was p r e p a r e d  i n  m e t h y l  f o r m a t e  (MF) 
f o l l o w i n g  t h e  p rocedure  of C h i l t o n  and Cook ( r e f .  1). 
was added t o  MF, fo l lowed by  L iC1 .  The  f i n a l  c o n c e n t r a t i o n  
was 0.75M A l C 1 3  and 0.63M L i C 1 .  
a p p e a r s  t o  have improved the  ACL-85 d i s c h a r g e  ( C e l l  No. 81352) .  
There  was o n l y  s l i g h t  g a s s i n g  n o t i c e d  a t  open c i r c u i t .  The f i n a l  
tape appeared t o o  d r y  f o r  e f f e c t i v e  o p e r a t i o n .  The a d d i t i o n  o f  
L e w i s  a c i d s  w a r r a n t s  f u r t h e r  i n v e s t i g a t i o n  f o r  ACL c a t h o d e  e l e c t r o l y t e s .  

A l C 1 3  

T h i s  L e w i s  a c i d  e l e c t r o l y t e  

b .  E f f e c t  of P r o c e s s i n g  Variables 
(1) P u r i f i c a t i o n  

Cathode p r o c e s s i n g  v a r i a b l e s  are known t o  be i m p o r t a n t  i n  
t h e  p r o d u c t i o n  of good tape ca thodes .  P u r i f i c a t i o n  p r o c e d u r e s  

7 



!4 u 
z 

/ 
0 I 

I 

> 
bo z 

1 
I 
I 

a, a 
0 
k 

I u 
0 
a, I 
d w 
d 

2 
0 
ri 
(d u 
d 
(d 

m 
E 
Ll 
0 ri 
z rt 

0 
I u 
w rl u rl z 3 

Ei 

I 
I 
J 

I I I I 
a m  0 Ln 0 In 0 
f-4 

o = r  =t M M (u N > 

w 
w 
z 

L E  

I 
w 

d V  
\ 
I 
-;r z 
I d 

Q v ,  a >  I u 
In 0 Ln 

d ri 0 

0 
L- 

O 
J3 

3 
n 

3 
J 

3 
v) 

3 
U 

3 
-I 

8 



i n v o l v i n g  p r e - o x i d a t i o n  of  SAB with ACL-85 and t r e a t m e n t  of 
e l e c t r o l y t e  s o l u t i o n s  w i t h  a c t i v a t e d  c h a r c o a l  were c a r r i e d  o u t .  
The data  are shown i n  T a b l e  5 .  

Of these p r e - t r e a t m e n t s ,  e l e c t r o l y t e  p u r i f i c a t i o n  w i t h  
c h a r c o a l  i s  t h e  o n l y  one which war ran t s  f u r t h e r  e x p e r i m e n t a t i o n .  

( 2 )  C h l o r i n e  Pre- t rea tment  

A p r e c h l o r i n a t i o n  of SAB and Darco G-60 w i t h  C 1 2  g a s  was 
a t t e m p t e d  i n  o r d e r  t o  c h l o r i n a t e  any s i t e s  t h a t  might decompose 
ACL-70. SAB adso rbed  1 0 %  o f  i t s  weight  i n  c h l o r i n e ,  and 
Erirco G-6G activated c h a r c o a l  adsorbed. 40% of its weight  i n  
c h l o r i n e .  Methyl fo rma te  adsorbed 5 .6% c h l o r i n e .  These v a l u e s  
were de te rmined  by i o d i m e t r i c  t i t r a t i o n .  

E lemen ta l  c h l o r i n e  w a s  found t o  p o i s o n  t h e  SAB, and t h e  
s t a n d a r d  t e s t  showed 6% u t i l i z a t i o n  o f  ACL-70 a t  >2..0 v o l t s .  
C h l o r i n e  adsorbed  on Darco G-60 was mixed w i t h  SAB and d i s c h a r g e d  
i n  a Li/LiClOh(MF) c e l l .  A t  0 . 1  amp/in. on ly  3 minutes  
c a p a c i t y  ( -5%) was o b t a i n e d  t o  a 2 . 0  v c u t - o f f  v o l t a g e .  

c .  E f f e c t  o f  Conduct ing A d d i t i v e s  

Shawinigan a c e t y l e n e  b l a c k  (SAB) i s  o u r  s t a n d a r d  ca thode  
I ts  good e l e c t r i c a l  conduc t ion  p r o p e r t i e s ,  

An a t t e m p t  was made t h i s  q u a r t e r  t o  r e p l a c e  

carbon material. 
however, are accompanied by t h e  need  f o r  a l a r g e  amount o f  w e t -  
o u t  e l e c t r o l y t e .  
some p o r t i o n  o f  t h e  SAB w i t h  o t h e r  t y p e s  o f  lower d e n s i t y  carbon 
s u p p l i e d  by t h e  Cabot Company. I t  was hoped t h a t  t h e  r e s u l t i n g  
d e c r e a s e  i n  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  ca thode  mix would 
be more t h a n  compensated for by reduced e l e c t r o l y t e  r e q u i r e m e n t s .  

ACL-70 w a s  tes ted u s i n g  v a r i o u s  t y p e s  o f  carbon and g r a p h i t e  
i n  t h e  ca thode  mix. Var ious  meta l  c a t a l y s t s ,  s u p p o r t e d  on ca rbon ,  
were a l s o  t r i e d .  Some o f  t h e s e  were commercial  p r e p a r a t i o n s  
w h i l e  o t h e r s  were p r e p a r e d  i n  t h i s  l a b o r a t o r y  as metals s u p p o r t e d  
on SAB. 

The e f f e c t  on t h e  ca thode  performance o f  changing  t h e  amount 
o f  ca rbon  f i b e r s  p r e s e n t  was also s t u d i e d .  

The r e s u l t s  o f  these  t e s t s  a r e  shown i n  T a b l e  A-2. 

(1) G r a p h i t e  

It i s  seen  t h a t  mic ron ized  g r a p h i t e  can be  =sed t o  p a r t i a l l y  
r e p l a c e  SAB ( C e l l  No. 85334 v s  85325).  More work i s  p lanned  i n  
t h i s ’ a r e a  when e l e c t r o l y t e  r equ i r emen t s  a r e  measured. 
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( 2 )  Carbon F i b e r s  

I n c r e a s i n g  t h e  amount of carbon f ibe r s  improves t h e  
per formance ,  a l t h o u g h  i t  may i n c r e a s e  t h e  e l e c t r o l y t e  r e q u i r e m e n t s  
of  t h e  c e l l  ( C e l l  No. 85328, 85325 v s  81364 T a b l e  A - 1 ) .  

( 3 )  Othe r  Types o f  Carbon 

The  Cabot carbon samples showed d e f i n i t e l y  i n f e r i o r  
performance compared w i t h  SAB. 

( 4 )  C a t a l y s i s  w i t h  Noble Metals 

I n i t i a l  r e s u l t s  ( Q u a r t e r l y  Repor t  No. 2 )  sugges t ed  t h a t  
t he  ACL-70 r e d u c t i o n  cou ld  be c a t a l y z e d  by p l a t inum.  Many 
a t t e m p t s  a t  c a t a l y s i s  fo l lowed .  It now a p p e a r s  t h a t  p r o c e s s i n g  
v a r i a b l e s  are more i m p o r t a n t  t han  c a t a l y s i s .  The p e r c e n t a g e  
u t i l i z a t i o n  remains  a t  50% i n  a l l  o f  t h e s e  tes ts  w i t h  ACL-70. 
The i o d i m e t r i c  t i t r a t i o n  on t h e  s p e n t  t a p e ,  however, shows t h a t  
a l l  t h e  c a p a c i t y  i s  n o t  used.  

T h e  " i n i t i a l  c a p a c i t y "  va lue  r e p o r t e d  i n  T a b l e 7  i s  t h a t  
of  t h e  ACL-70 b e f o r e  b l e n d i n g  w i t h  t h e  carbon b l a c k .  S e p a r a t e  
i o d i n e  d e t e r m i n a t i o n s  have shown tha t  t h e  loss due t o  mixing  i s  
n e g l i g i b l e .  These c e l l s  are assembled from d r y  materials i n  t h e  
g l o v e  box. 

d .  E f f e c t  o f  T r i c h l o r o t r i a z i n e t r i o n e  ( A C L )  Source  

Monsanto ACL-85 a was compared t o  t h e  c o m p e t i t i v e  CDB-85 a 
p r o d u c t .  Both m a t e r i a l s  were tested with c a t a l y z e d  SAB. The 
data are shown i n  Table  6. 

T h e r e  i s  no a p p a r e n t  d i f f e r e n c e  i n  performance between 
ACL-85 and CDB-85. Both are a l m o s t  100% trichlorotriazinetrione. 
CDB-85 has t h e  smaller p a r t i c l e  s i z e .  A l l  o f  t h e  r e s u l t s  above 
are d e f i n i t e l y  s u p e r i o r  to e a r l i e r  expe r imen t s  r e p o r t e d  i n  o u r  
second q u a r t e r l y  r e p o r t  u s i n g  non-catalyzed ca rbons .  

e .  E f f e c t  o f  ACL S t r u c t u r e  

A n a l y s i s  o f  o u r  p a s t  data i n d i c a t e s  t h a t  t h e  l eas t  i o n i c  ACL 
compounds are t h e  b e s t  ca thode  m a t e r i a l s .  Thus, ACL-70 i s  b e t t e r  
t h a n  ACL-59, and ACL-59 w i l l  n o t  d i s c h a r g e  u n l e s s  l i t h i u m  i o n s  
are p r e s e n t  i n  t h e  e l e c t r o l y t e .  The f o l l o w i n g  a c t i v i t y  o r d e r  was 
de te rmined  from these data:  

11 
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> 
ACL-70 

c1 
KO i o  \/y II 

N N y ‘c1 
ACL-59 

We suspected t h a t  electrcnieally deactivated intermediates [such 
as (A) below] might be the cause of our ability to remove only 
one chlorine atom from either ACL-70 or ACL-85. 

We have attempted to use Lewis acid coordinating agents to 
reduce this deactivation. 
and was, therefore, unsatisfactory. 
to be compatible with lithium. 
addition of this compoimd tc! t h e  electrslyte. 

Aluminum chloride reacted with lithium 
Trimethylborate was found 

We hoped to form ( B )  by the 

( B )  was expected to discharge more readily than ( A ) .  

The results of the test indicate no improvement due to 
methyl borate addition (Table 7). 
LiCl in methyl formate showed no improvement (Cell No. 8J400 vs 81364 
Table A-1). 

A test with 1M A1C13 plus 0.5M 
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f .  ACL-70 S t a b i l i t y  

A s t u d y  w a s  made o f  ACL-70 decomposi t ion  i n  m e t h y l  formate-  
L i C 1 0 4  e l e c t r o l y t e  as a f u n c t i o n  o f  t i m e .  However, two b a t c h e s  
of e l e c t r o l y t e  were used and i t  i s  e v i d e n t  from t h e  r e s u l t s  t h a t  
t h e  decompos i t ion  r a t e  i s  a f u n c t i o n  o f  e l e c t r o l y t e  age .  V e r y  
l i t t l e  decomposi t ion  o c c u r r e d  when t h e  e l e c t r o l y t e  was fresh.  
Seve re  decomposi t ion  o c c u r r e d  with o l d  o r  contaminated  e i e c t r o i y t e .  
E l e c t r o l y t e  l e f t  l i g h t l y  capped on t h e  bench-top f o r  48 hour s  
showed some e v i d e n c e  o f  con tamina t ion .  I n  these expe r imen t s  0.65 g 
o f  ACL-70, 0.35 g SAB, and 0.027 g o f  carbon f ibers  were s l u r r i e d  
w i t h  1 0  m l  of 1 M  LiC104-methyl fo rma te  f o r  v a r i o u s  p e r i o d s  o f  
t i m e .  'I'ne r e s u l t s  of t h e  a c t i v e  c h l o r i n e  a n a l y s e s  on these 
samples  are shown i n  T a b l e  8 .  

-. 

2 .  Dichlorobenzoquinonediimine Cathodes 

A s  ment ioned i n  t h e  second q u a r t e r l y  r e p o r t ,  d i ch lo robenzo-  
qu inoned i imine  ( D C B Q D I )  cou ld  be a be t t e r  c h l o r i n e  donor  i n  
nonaqueous s o l v e n t s  t h a n  ACL compounds. A sample of DCBQDI  was 
p r e p a r e d  from phenylenediamine d i h y d r o c h l o r i d e  and a sodium 
h y p o c h l o r i t e  s o l u t i o n .  The K I / 1 2  a n a l y s i s  g i v e s  0.0175 eq/g 
o r  3 .0  equ iva len t s /mole  f o r  t h i s  p r o d u c t .  Using t h i s  material 
i n  a c e l l  s imilar  t o  ACL, there  was c o n s i d e r a b l e  c a p a c i t y  b u t  
poor  v o l t a g e  f o r  t h e  L i /L iCIO1 ,  (MF)/DCBQDI c e l l  (see F i g u r e  3 ) .  

Dichlorobenzoquinonediimine w a s  tested w i t h  LiClODMF 
e l e c t r o l y t e .  The r e s u l t  was no b e t t e r  t h a n  t h a t  r e p o r t e d  above.  

3. I n o r g a n i c  F l u o r i d e  Cathodes 

a .  Cupr ic  F l u o r i d e  

CuF2 has approx ima te ly  t h e  same t h e o r e t i c a l  c a p a c i t y  
(amp-hr/g) as ACL-70. Agains t  l i t h i u m  anodes,  CuF2 e f f i c i e n c i e s  
were found t o  be h i g h e r  and v o l t a g e s  lower  t h a n  w i t h  ACL-70. 

The Li/LiC104/CuF2 s y s t e m  (see F i g u r e  3 )  showed v o l t a g e s  
approach ing  3 v o l t s .  Two t e s t s  ( 0 . 1 0  and 0.05 amp/ in .2)  gave 
e f f i c i e n c i e s  of 69% and 66% based on 1 0 0 %  a c t i v e  CuF2 materials. 

Metal a d d i t i v e s  were t e s t e d  i n  t h e  ca thode  t o  a t t e m p t  to 
improve CuF2 d i s c h a r g e  r a t e s .  The approach  was t o  i n c l u d e  
materials on which t h e  p l a t i n g  o f  copper  might be more r e v e r s i b l e  
t h a n  on amorphous carbon.  Copper, p l a t i n u m  b l a c k  and g r a p h i t e  
were t e s t e d  as a d d i t i v e s .  The r e s u l t s  are shown i n  T a b l e  '9. No 
improvement was n o t e d .  



T a b l e  8 

EFFECT O F  iiCIO4-ifETHYLFORiTE AGING ON ACL-70 ACTIVE CHLORINE CONTENT 

ACL-70 Contac t  
T i m e  
(min)  

5 

15  

60 

E l e c t r o l y t e  
Age 

f r e s h  

fresh 

fresh 

f r e  sh+4 8 h r  

o l d  ( >1 m o n t h )  

Pe rcen t  I n i t i a l  
Act ive  Ch lo r ine  

Remaining - 

96 

96 

96 

93 

85 

8 

4 

1 6  
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O s c i l l o s c o p e  v o l t a g e  i n t e r r u p t i o n  t r a c e s  on CuF2 were 
s imilar  t o  t h o s e  o b t a i n e d  w i t h  ACL-70. 

b .  S i l v e r  D i f l u o r i a e  

AgF2 was t e s t e d  as  a nonaqueous ca thode  component i n  a 
l i t h i u m  c e l l .  The Li/AgF2 open c i r c u i t  p o t e n t i a l  was s table  
a t  3.65 v o l t s ,  b u t  on ly  9 minutes’  c a p a c i t y  cou ld  be o b t a i n e d  
a t  0 .10  amp/in.2 ( F i g u r e  3 ) .  AgF2 was a p p a r e n t l y  t o o  s o l u b l e  
i n  t h e  me thy l - fo rma te / l i t h ium p e r c h l o r a t e  e l e c t r o l y t e  r e s u l t i n g  
i n  s e l f - d i s c h a r g e  o f  t h e  c e l l .  

4 .  D e t e r m i n a t i o n  o f  C e l l  P o l a r i z a t i o n  by t h e  I n t e r r u p t e r  
Technique 

T h e  u s e  o f  i n t e r r u p t e r  t e c h n i q u e s  to measure p o l a r i z a t i o n  
o f  po rous  c a t h o d e s  i s  compl ica ted  by the  p o o r l y  d e f i n e d  e l e c t r o d e  
s u r f a c e  area and t h e  f a c t  t h a t ,  on b r e a k i n g  t h e  c i r c u i t ,  i n t e r n a l  
c u r r e n t s  f low th rough  t h e  porous s t r u c t u r e  u n t i l  c o n c e n t r a t i o n  
and p o t e n t i a l  g r a d i e n t s  are e q u a l i z e d .  However, w e  have ana lyzed  
t h e  c h a r a c t e r i s t i c s  of  a Li/LiC104, m e t h y l  f o r m a t e / t r i c h l o r o -  
i s o c y a n u r i c  a c i d  c e l l  u s i n g  t h i s  t e c h n i q u e .  

The i n i t i a l  I R  d rop  i s  about 0 . 1  v .  ( F i g u r e  3 ) .  T h i s  i s  t h e  IR l o s s  
due t o  t h e  L i - e l e c t r o l y t e  and carbon r e s i s t a n c e .  T h e  I R  b u i l d s  
up, however, s o  t ha t  w i t h i n  0.5 second i t  i s  abou t  0.5 v .  T h i s  
i s  due t o  movement of t h e  r e a c t i o n  i n t e r f a c e  d e e p e r  i n t o  t h e  
po rous  ca thode .  F i n a l l y ,  a g r a d u a l  bui ld-up o f  p o l a r i z a t i o n  i s  
e v i d e n t  t ha t  i s  no t  an I R  e f f e c t  and i n s t e a d  i s  due t o  a 
c o n c e n t r a t i o n  p o l a r i z a t i o n .  

T h i s  i n f o r m a t i o n  on t h e  d i s c h a r g e  l i m i t a t i o n  i s  
o b t a i n e d  by o b s e r v i n g  t h e  p o t e n t i a l  decay when c u r r e n t  i s  
a p p l i e d ,  and t h e  p o t e n t i a l  recovery  when t h e  c i r c u i t  i s  opened. 
The r e s u l t s  are shown i n  F i g u r e  4 .  These o s c i l l o s c o p e  t r a c e s  
were photographed  a t  v a r i o u s  times d u r i n g  t h e  c o n s t a n t  c u r r e n t  
d i s c h a r g e  o f  a L i / L i C 1 0 4  (MF)/ACL-70 c e l l .  A n a l y s i s  o f  these  
c u r v e s  i s  open t o  q u e s t i o n  because i n t e r n a l  c u r r e n t s  can f low 
w i t h i n  a porous  s y s t e m  when t h e  e x t e r n a l  c i r c u i t  i s  opened. 
However, from these o s c i l l o g r a m s  it  a p p e a r s  t h a t  t h e  I R  o f  the  
sys tem i s  approx ima te ly  0 . 1  v o l t  and does  n o t  change d u r i n g  t he  
d i s c h a r g e  ( t h i s  i s  t h e  immediate p o l a r i z a t i o n  from OFF t o  O N ) .  
A r e s i s t a n c e  b u i l d s  up d u r i n g  d i s c h a r g e ,  however, s o  t h a t  a f t e r  
about  0 . 5  second t h e  I R  becomes about  0 . 5  v o l t  ( t h i s  i s  t h e  
immediate p o l a r i z a t i o n  r e l a x a t i o n  from ON t o  OFF). T h i s  e f f e c t  
a l s o  does  n o t  change much w i t h  i n c r e a s i n g  d i s c h a r g e  t i m e .  T h i s  
a c c o u n t s  f o r  p r a c t i c a l l y  a l l  of t h e  p o l a r i z a t i o n  observed  d u r i n g  
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t h e  f i rs t  5 minu tes .  The p o l a r i z a t i o n  t ha t  becomes more 
p r e v a l e n t  a t  i n c r e a s i n g  d i s c h a r g e  t i m e s  i s  slow t o  r e l a x  (be  
r e c o v e r e d )  and i s  p robab ly  a c o n c e n t r a t i o n  p o l a r i z a t i o n .  

Data on t h e  aqueous sys tem shows t h e  same t y p e  of t r a c e  
( F i g u r e  5) .  However, t h e  i n i t i a l  p o l a r i z a t i o n  ( I R  b u i l d u p )  
o c c u r s  v e r y  r a p i d l y .  Later  i n  the d i s c h a r g e ,  t h e  pr imary  d i f f e r e n c e  
from t h e  MF c a s e  i s  t h e  fas t  r ecove ry  o f  t h e  c e l l  t o  a lmos t  t h e  
i n i t i a l  open c i r c u i t  p o t e n t i a l .  T h i s  t y p e  o f  data i s  e a s i l y  
o b t a i n e d  d u r i n g  a d i s c h a r g e ,  and t h e  OFF t i m e  o f  t h e  c e l l  i s  so  
small as t o  be i n c o n s e q u e n t i a l .  We hope t h a t  as more c e l l s  are 
s t u d i e d  i n  t h i s  way a more p o s i t i v e  a n a l y s i s  o f  p o l a r i z a t i o n s  can 
be achieved, aiid thilt thls w i l l  a l d  as ir; designing better tape 
c e l l s .  

It was p o s s i b l e  t h a t  p r e c i p i t a t i o n  o f  L i C l  i n  MF w a s  l i m i t i n g  
t h e  ca thode  d i s c h a r g e .  Hence, t he  ACL-70 c e l l  was t e s t ed  w i t h  
DMF-LiC1 e l e c t r o l y t e .  The c u r r e n t  d e n s i t y  o f  0 . 1 0  amp/in.2 was 
u n o b t a i n a b l e  because  o f  l i t h i u m  p o l a r i z a t i o n .  

5. Propylene  Carbonate  as an E l e c t r o l y t e  S o l v e n t  

F ropy lene  c a r b o n a t e  was t e s t e d  as a s o l v e n t  u s i n g  L i C 1 0 4  
2nd A1C13-LiC1 as e l e c t r o l y t e  s a l t s .  These were t e s t e d  i n  
Li/ACL-70 c e l l s ,  and n e i t h e r  e l e c t r o l y t e  cou ld  s u p p o r t  more 
t h a n  20  ma/in.2 i n  these c e l l s .  

6 .  L i m i t e d  E l e c t r o l y t e  Experiments  

Excess  e l e c t r o l y t e  has been used  i n  a lmos t  a l l  of  t h e  
p r e v i o u s l y  r e p o r t e d  nonaqueous couple  data.  A t t e n t i o n  was 
focused  on chemica l  problems,  and t h e  e f f e c t i v e  u t i l i z a t i o n  of  
ca thode  materials. The a t t a i n m e n t  o f  h i g h  ene rgy  d e n s i t i e s ,  
however, r e q u i r e s  t h e  s t r i c t  use o f  a minimum amount o f  e l e c t r o l y t e .  
For  t h i s  r e a s o n ,  some c e l l s  were d i s c h a r g e d  w i t h  minimum e l e c t r o l y t e  
volumes t o  see what e f f e c t  t h i s  would have on c e l l  per formance .  

9ur most u s e f u l  nonaqueous e l e c t r o l y t e  s o l v e n t  i s  methyl  
fo rma te .  The d e t e r m i n a t i o n  o f  t h e  minimum e l e c t r o l y t e  r e q u i r e m e n t s  
i n  t h i s  c a s e  i s  v e r y  d i f f i c u l t  s i n c e  t h i s  compound b o i l s  a t  32O C .  

I n  o u r  f irst  approach  t o  t h i s  s t u d y ,  a n  a t t e m p t  was made t o  
s a t u r a t e  t h e  g l o v e  box w i t h  e l e c t r o l y t e  vapor  whi le  t h e  c e l l  
was d i s c h a r g e d  as u s u a l .  A minimum s e p a r a t o r  was used ,  and no 
r e f e r e n c e  e l e c t r o d e  was inc luded  i n  t h e  assembly .  E l e c t r o l y t e  
r e q u i r e m e n t s  were h i g h .  A bag c e l l  was t h e n  des igned  and t h e  
ca thode  was p r e s s e d  d r y  (wi thou t  methyl  f o r m a t e )  b e f o r e  b e i n g  
p l a c e d  i n  t h e  bag.  The r e s u l t s  o f  these  tes t s  a r e  g i v e n  i n  
T a b l e  A-3 .  I n  these tes t s  the  p r e s s u r e  used  t o  compress t h e  t e s t  
c e l l  was a l s o  measured. I n  Table  A-3, i n i t i a l  amp-minute 
c a p a c i t i e s  are c a l c u l a t e d  from the  weight  of  e l e c t r o a c t i v e  
compound used  f o r  t h e  exper iment .  E f f i c i e n c i e s  i n  e x c e s s  o f  50% 
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have been  o b t a i n e d ,  and a t  t h e  end o f  t h e  t e s t ,  a c t i v e  mater ia l  s t i l l  
remained (based on i o d i m e t r i c  t i t r a t i o n ) .  I n  s e v e r a l  t e s t s ,  e l e c t r o -  
l y t e  was added d u r i n g  t h e  r u n .  The amount added is i n  p a r e n t h e s e s .  

The r e s u l t s  o f  t h e  t e s t s  t h u s  f a r  i n d i c a t e  tha t  c a t h o d i c  
e f f i c i e n c i e s  are improved by u s i n g  l e s s  e l e c t r o l y t e  ( T a b l e  A-3, 
85346 v s  T a b l e  A-1 ,  81364) .  
o b t a i n e d  ea r l i e r  were due  t o  t h e  s o l i l b l l i t y  and chemica l  decomposi- 
t i o n  o f  ACL-70. With less  e l e c t r o l y t e ,  less ACL-70 i s  s o l u b l e .  

It i s  p o s s i b l e  t ha t  t h e  low e f f i c i e n c i e s  

W e  f ee l  t ha t  a number of v a r i a b l e s  may be impor t an t  i n  the 
r e d u c t i o n  o f  the  amount o f  e l e c t r o l y t e  n e c e s s a r y  f o r  most e f f i c i e n t  
c e l l  o p e r a t i o n .  These v a r i a b l e s  i n c l u d e :  

1. d e c r e a s i n g  carbon c o n t e n t  
2 .  
3 .  d e c r e a s i n g  s e p a r a t o r  t h i c k n e s s  
4 .  d e c r e a s i n g  c u r r e n t  d e n s i t y  
5 .  add ing  e l e c t r o l y t e  as needed 
6 .  u s i n g  i n c r e a s e d  t e s t  p r e s s u r e  
7. ca thode  fo rma t ion  p r e s s u r e  

r e p l a c i n g  a c e t y l e n e  b l a c k  w i t h  g r a p h i t e  

T a b l e  A-3 shows t h e  i n i t i a l  r e s u l t s  of t h i s  s t u d y .  It i s  
e v i d e n t  t h a t  tape c e l l s  c a n  be  run  w i t h  80% ACL-70 ( C e l l  No. 85354).  
Whether graphi te  can  b e  used  t o  r e p l a c e  some o f  t h e  r ema in ing  ca rbon  
b l a c k  has n o t  been tested. It can be Shown, however, t ha t  g r a p h i t e  
does  n o t  r educe  c e l l  performance ( C e l l  No. 85349) .  Cel l s  can  be 
r u n  u s i n g  o n l y  a 3 m i l  s e p a r a t o r  ( C e l l  No. 85355) bu t  t h e  ca thode  
e f f i c i e n c y  i s  poor .  Adding e l e c t r o l y t e  i n c r e m e n t a l l y ,  as  needed,  
cou ld  be  b e n e f i c i a l  ( C e l l  No. 85353) .  Because o f  evaporaz ion  
l o s s e s  (methyl  formate  bp. 3 2 O C 1 ,  t h e  e f f e c t  o f  t h e  a d d i t i o n  o f  
s m a l l  amounts of e l e c t r o l y t e  i s  d i f f i c u l t  t o  measure.  I n c r e a s i n g  
t h e  t e s t  p r e s s u r e  above 1 l b / i n . 2  appears t o  o f f e r  no advantage  
t o  e l e c t r o l y t e  r e q u i r e m e n t s  o r  t o  g e n e r a l  performance ( C e l l  NO. 
85353, 85358) 

W e  b e l i e v e  t h a t  a more g a s - t i g h t  c e l l  must be des igned  b e f o r e  
r e l i a b l e  data can  b e  otrkained. We i n t e n d  t o  deve lop  such  a c e l l  
and t o  s t u d y  t h e  ca thode  p r o c e s s i n g  v a r i a b l e s  and t h e  optimum 
t i m e  and p o s i t i o n  f o r  e l e c t r o l y t e  a d d i t i o n .  

The  L i O C l  t e s t ,  (Cell  N o .  85348, Tab le  A-3) was performed w i t h  
t h e  7 2 1  a c t i v e  m a t e r i a l  r e c e i v e d  from Foo te  Mine ra l  Company. T h i s  
material was s o l u b l e  i n  t h e  e l e c t r o l y t e .  Fur thermore ,  5 minu tes  
a f t e r  d i s s o l v i n g  0 . 1  g o f  t h i s  material i n  5 m l  o f  L i C 1 0 4 ( M F ) ,  o n l y  
70% o f  t h e  a c t i v e  c h l o r i n e  remained i n  s o l u t i o n .  L i O C l  r e a c t e d  
v i g o r o u s l y  w i t h  dimethylformamide. From t h e  above c e l l  d i s c h a r g e  
i t  i s  e v i d e n t  t h a t  L i O C l  i s  too s o l u b l e  i n  L i C l O Q ( M F ) .  L i O C l  may be  
u s e f u l  i n  o t h e r  e l e c t r o l y t e s .  I n  a d d i t i o n ,  o t h e r  h y p o c h l o r i t e s  
( N a O C 1 )  might b e  used  w i t h  L i C l O 4 ( M F ) .  
t r i e d  u s i n g  a minimum e l e c t r o l y t e  c e l l  d e s i g n .  

These combina t ions  w i l l  be 
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111. TAPE CELL CONFIGURATION 

P r i o r  to a c t u a l  dynamic runs ,  a se r ies  o f  t es t s  were 
conducted  i n  which s t a t i c  d a t a  were t a k e n  u t i l i z i n g  t h e  dynamic 
t e s t e r  c u r r e n t  c o l l e c t o r  p l a t e .  
p r e s s u r e  r e q u i r e m e n t s  i n  t h i s  manner, w e  hoped t o  have a b e t t e r  
estimate of v a r i a b l e s  f o r  t h e  moving t a p e  expe r imen t s .  

was t h e  n e c e s s i t y  f o r  large e l e c t r o l y t e  e x c e s s e s  t o  a v o i d  t a p e -  
c o l l e c t o r  p l a t e  adhes ion .  With s u f f i c i e n t  e l e c t r o l y t e  t o  a v o i d  
s t i c k i n g ,  t h e  e x p e r i m e n t a l  energy d e n s i t i e s  were low. We f e e l  
t h a t  less e l e c t r o l y t e  w i l l  be  used when more c o h e r e n t  t a p e s  are 
p r e p a r e d  and when t h e  f r i c t i o n a l  f o r c e s  are r educed .  More 
c o h e r e n t  t a p e s  can be made by forming d e n s e r  t a p e s ,  and by u s i n g  
more b i n d e r  and f i b r o u s  materials.  
needed s i n c e  PVF i s  somewhat s o l u b l e  i n  a c i d .  Smoother t a p e  
s u r f a c e s ,  a more f r i c t i o n - f r e e  c o l l e c t o r  head and l e s s  p r e s s u r e  
on t h e  t a p e  d u r i n g  d i s c h a r g e  w i l l  a l s o  a i d  dynamic per formance .  

r o l l i n g .  
f a i r l y  w e l l .  The machine-made t a p e s  o p e r a t e  s l i g h t l y  b e t t e r  
t h a n  t h e  hand c a s t  t a p e s .  

By measur ing  e l e c t r o l y t e  and 

A major  problem a s s o c i a t e d  w i t h  p r e v i o u s  dynamic expe r imen t s  

A change i n  b i n d e r  may be 

Cathode t a p e s  are b e i n g  made by hand c a s t i n g  and by machine 
Both t y p e s  o f  t a p e s  adhere t o  t h e  dyne1 s e p a r a t o r  

W e  f i n d  t ha t  t h e  smoothest  and most c o h e r e n t  t a p e s  are 
p r e p a r e d  by machine r o l l i n g  w i t h  a b s o r b a n t  p a p e r  between t h e  
r o l l e r s  and t h e  ca thode  mix, and by u s i n g  maximum p r e s s u r e .  
t e m p l a t e s  are a l s o  c u t  from b l o t t i n g  p a p e r .  Four-foot  l e n g t h s  
have been made i n  t h i s  manner, and are now b e i n g  t e s t ed .  

T h e  w e t t i n g  o f  t h e  t a p e  w i t h  minimum e l e c t r o l y t e  demands 
e x c e l l e n t  t a p e  wet-out p r o p e r t i e s ,  s i n c e  t h e  e l e c t r o l y t e  must 
r e a c h  t h e  s e p a r a t o r ,  and s i n c e  l a r g e  p r e s s u r e s  cannot  be a p p l i e d  
a t  t h e  t i m e  o f  a c t i v a t i o n .  

Tape 

S e v e r a l  approaches  can be  t a k e n  t o  s o l v e  t h e  wet-out problem. 
The f i r s t  i s  t o  w e t  t h e  e l e c t r o d e  t o t a l l y  o r  p a r t i a l l y  t h r o u g h  
t h e  anode s ide .  Another  approach i s  t h e  a d d i t i o n  o f  a w e t t i n g  
a g e n t  t o  t h e  e l e c t r o l y t e  o r  t h e  ca thode  t a p e .  
e n c a p s u l a t i o n  c o u l d  s o l v e  t h e  problem. The o n l y  method t r i e d  
t h u s  far  h a s - b e e n  t h e  a d d i t i o n  o f  a w e t t i n g  a g e n t  (p- to luene-  
s u l f o n i c  a c i d )  to t h e  e l e c t r o l y t e .  No improvement was e v i d e n t  
from t h i s  s i n g l e  t e s t .  

Also,  micro- 

A t  p r e s e n t  w e  are t e s t i n g  t a p e s  i n  s t a t i c  c e l l s  and a n a l y z i n g  
t h e  e f f e c t  of  ca thode  f o r m a t i o n  and t e s t i n g  p r e s s u r e s  as f u n c t i o n s  
of e l e c t r o l y t e  t y p e  and volume, and t h e  c u r r e n t  d e n s i t y .  Also 
w e  are s t u d y i n g  optimum e l e c t r o l y t e  placement  as a f u n c t i o n  of  
t i m e  and p o s i t i o n .  T h i s  i s  be ing  done i n  t h e  s t a t i c  c e l l  t e s t  
u s i n g  hypodermic e l e c t r o l y t e  a d d i t i o n  and i n  t h e  dynamic t e s t  
u n i t ,  u s i n g  pump a d d i t i o n  of  e l e c t r o l y t e  t h r o u g h  t h e  c o l l e c t o r  
p l a t e s .  
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I V .  DYNAMIC TESTER MODIFICATION 

E a r l y  i n  t h e  q u a r t e r  a leak was d e t e c t e d  i n  the dynamic 
t e s t e r  c u r r e n t  c o l l e c t o r  p l a t e .  The need t o  f i x  t h i s  ma l func t ion  
l e d  t o  a r e - e v a l u a t i o n  of t h e  c u r r e n t  c o l l e c t e r  geometry.  
S e v e r a l  new c o l l e c t o r  heads  were des igned  and f a b r i c a t e d  
( F i g u r e  5 )  t o  g i v e  V e r s a t i l i t y  t o  t h e  dynamic t e s t  a s sembly .  

They a l l o w  e l e c t r o l y t e  t o  s e e p  i n t o  t h e  ca thode  c o l l e c t o r  e i t he r  
a t  t h e  f r o n t  edge on ly  ( F i g u r e  5a)  o r  ove r  t h e  e n t i r e  c o l l e c t o r  
p l a t e  ( F i g u r e  5 b j .  We hope t h a t  the d i f f u s i o n  p r o c e s s  w i i i  g i v e  
a b e t t e r  d i s t r i b u t i o n  o f  e l e c t r o l y t e  t h a n  from h o l e s  i n  t h e  
c o l l e c t o r  p l a t e .  

Two t y p e s  o f  porous  g r a p h i t e  p l a t e s  have been f a b r i c a t e d .  

_ _  

A t h i r d  c o l l e c t o r  p l a t e  des ign  i s  shown i n  F i g u r e  5c .  I n  
t h i s  d e s i g n  t h e  c u r r e n t  th rough each  s e c t i o n  can be measured 
i n d i v i d u a l l y .  Also, the  e l e c t r o l y t e  f e e d  t o  each  s e c t i o n  can be 
c o n t r o l l e d  i n d i v i d u a l l y .  The advantage of  t h e  "L" shape d e s i g n  
i s  t h a t  c o r r o s i v e  e l e c t r o l y t e s  do n o t  i n t e r f e r e  w i t h  e l e c t r i c a l  
c o n t a c t i n g .  S e p a r a t e  c o n t a c t s  f o r  v o l t a g e  and c u r r e n t  measurement 
are used  t o  e l i m i n a t e  e l e c t r i c a l  c o n t a c t  v o l t a g e  l o s s  due t o  
poor  c l i p  c o n n e c t i o n s  t o  t h e  c o l l e c t o r  p l a t e .  
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( 5 a )  Porous Graph i t e  (5b )  Porous Graph i t e  
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( 5 c )  D r i l l e d  Impervious Graph i t e  

F i g u r e  6 .  Cathode Cur ren t  C o l l e c t o r  Designs 
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V. FUTURE PLANS 

1. 
t h e  p r e p a r a t i o n  of a n  op t imized  dynamic t a p e  system. The a p p a r a t u s  
p r e v i o u s l y  d e s c r i b e d  ( re f .  2 )  f o r  t h e  p r e p a r a t i o n  o f  c o n t i n u o u s  
K I O 4  t a p e  c a t h o d e s  w i l l  b e  r e a c t i v a t e d ,  and a p p l i e d  t o  t h e  manu- 
f a c t u r e  o f  smooth, c o h e r e n t  ACL-85 ca thodes .  I n  a d d i t i o n ,  a 
r o t a t i n g  d i s c  c u r r e n t  c o l l e c t o r  w i l l  be c o n s t r u c t e d  i n  o r d e r  t o  
r e d u c e  t h e  f r i c t i o n  problems a s s o c i a t e d  w i t h  p u l l i n g  t h e  ca thode  
mix across  a graphite collect~r plate. 

Major emphasis  d u r i n g  t h e  f o u r t h  q u a r t e r  w i l l  be p l a c e d  on 

2 .  F l u o b o r i c  a c i d  (HBF4) w i l l  be t e s t ed  as a p o s s i b l e  a c i d i c  
e l e c t r o l y t e .  

3.  A n e u t r a l  e l e c t r q l y t e  system (e .g .  MgC12) w i l l  be op t imized  
f o r  t h e  Mg/ACL-85 coup le .  
a t  low c u r r e n t  d e n s i t y  should  be t h e  advan tages  a s s o c i a t e d  w i t h  
t h e  e l i m i n a t i o n  o f  g a s s i n g  a t  b o t h  t h e  anode (H2) and c a t h o d e  ( C 1 2 ) .  

4 .  Thin  b e r y l l i u m  f o i l  has  been o b t a i n e d .  T h i s  material w i l l  be 
e v a l u a t e d  s t a t i c a l l y  i n  KOH s o l u t i o n  as a h i g h  energy  anode mater ia l .  

5. Carbon f l o c k i n g  ( p e r p e n d i c u l a r  a d d i t i o n  o f  e l e c t r o s t a t i c a l l y  
charged  ca rbon  f i b e r s  t o  a t a p e  s e p a r a t o r )  w i l l  be i n v e s t i g a t e d  as  
a method f o r  t h e  improvement o f  ca thode  i n t e g r i t y .  

6 .  

O f f s e t t i n g  t h e  n e c e s s i t y  o f  o p e r a t i n g  

L iqu id  ca thode  s t u d i e s  w i l l  b e g i n  w i t h  t h e  Mg/KBr/Br2 s y s t e m .  

B.  NONAQUEOUS SYSTEMS 

1. Minimum e l e c t r o l y t e  requi rement  work w i l l  c o n t i n u e  i n  t he  
Li/LiClOq(MF)/ACL-70 and CuF2 s y s t e m s .  A new s t a t i c  t e s t  c e l l  
which w i l l  f a c i l i t a t e  t h i s  work, has been c o n s t r u c t e d .  

2. 
f o r m a t e  e l e c t r o l y t e .  
of  t h e  o x i d i z i n g  a g e n t ,  and t h e  subsequent  s e l f - d i s c h a r g e  of  t h e  
c e l l .  Other h y p o c h l o r i t e s  c o n t a i n i n g  c a t i o n s  compatable  w i t h  
l i t h i u m  metal [K', (CH3)4N+, C a t * ]  w i l l  be o b t a i n e d ,  i f  p o s s i b l e .  

3. 
a c e t o n i t r i l e  and water as e l e c t r o l y t e  s o l v e n t s .  

L i th ium h y p o c h l o r i t e  w i l l  be r u n  v s  l i t h i u m  i n  XPF6-methyl 
Any K O C l  formed m a y r e d u c e  t h e  s o l u b i l i t y  

A 4 :6  lithium-magnesium a l l o y  w i l l  be t es ted  w i t h  methanol ,  
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Table A-1 

DISCURGE DATA OP VARIOUS CATHODES IN EXCESS WEPHYL FORHATE VERSUS LITHIUM ANODES 

65% Active lhterial in hthode  nix 
3 in.* = e c t w e a m  
I - 0.10 -/in. 

NO. - 

81337 
81342 

81347 
81351 
81352 

81350 
81353 
81355 
81354 

up-minute capacities 
m i a t i o n  3 Electrochemical 

>>*% 2-2-51 *.GX m t a 1  
Comarison Data f r o m  2nd Quarter 

Ll /LlC104 ( W) /Act85 19.2 4 .O 1.8 4.5 5.4 7.5 
Li/LIC104 (W)/ACL70 14.8 2 .o 3.0 6 a 3  7.2 8.7 

Acids 
7 

Li/LlC100.(  W) /ACL-85 SAB €IC1 wash 23.7 8.7 0 0 3.6 7.5 
= m e (  a)/AcL-85 m. 21.0 2.1 2.1 3 .O 5.1 
LI/AlCla-LlCl(W)/ACL-85 AlCla-LICl 27.3 3.0 4.5 5.1 6.9 

~ / L I C 1 0 4 ( ~ )  /Act70 16.1 2.8 3.3 6.0 7.2 8.7 

L l / A l C l s  'LlCl(W)/ACL70 AlCla'LlCl 11.6 1 .o 1.2 2.1 2.4 3.3 

BEco--ACG~O 

n 

n 
I/2 11.1 1.4 2 -2 3.3 3.6 4.2 
week l a t e r  12.2 1 .o 2.1 3.0 4.8 7 -2 

PFocesa Variables  tor L i / L i C l O , ( R ) A C L 7 0  Cells 
Without TCE and PVF 
81357 Imwdiate Tests 
81358 
81366 
81364 

With TCE and PVF 

n 

n 

II 

81367 1 Day w a i t  

81363 4 wait 
81374 8 lay w a i t  

With PVF. no TCE 
81368 Immediate t e s t  

8137 1 I;1/Lic1o4 ( m)/DCBQD1 

Cathode 
Weight(gm) 

0.894 
0.774 

0.924 
0.m 
l.W 

0.916 

0.689 
0.605 

0.652 

19.4 4.1 4.5 8.4 9.9 12.0 1.027 

15.7 3.0 3.3 6.0 6.6 11.4 0.806 
16.2 4.9 3 -6 5 -7 6.3 8.1 0.881 
20.7. 2.6 4.5(m) 6.9 7.8 9.3 1.027 
13-9 3.5 2 *7 6.0 6.6 7.8 0.747 

%Pm2 

16.1 3.6 3.6 7 -5  8 -7 9.9 0.875 
17.2. 1.5 3.6 6.9 8.1 11.4 0.848 

20.2. 5.1 3.9 6.9 8.7 9.9 1 .ooo 

18.3. 0 - 6.6 5.1 9.6 1.026 
Dich lorobenz Wuinoned limine 

Cupric Fluoride*+ 
16.5 - 9.9 11.4 0.8@ 

I/2 16.5 2.2 9.6 10.8 0.80 

11.0 - - - 0.80 
11 .o 1.8 2.1 2.4 0.80 
6.3 - - 0.3 0.80 

Silver Fluorides** 

Baaed on chlorine analysis before tape preparation 

** Based on 1- active material 
(m) Reached t h i s  value a f t e r  initial lower values 
TCE = Trichloroethylene 
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